30°C. To permit sensitive recovery from soil, the strain was made resistant to 1.0 mg of streptomycin ml-1 (Sigma Chemical Co., St. Louis, Mo.) by the method of Lowendorf et al. (9) . The stability of the mutation was checked by the method of Liang et al. (8) . Because P. solanacearum is intrinsically resistant to 50 jig of crystal violet ml-' (5) Each assembly consisted of three nested 450-ml Styrofoam cups (Fig. 1) . The top cup was cut in half lengthwise. One cup half was covered with a section (12.7 by 25.4 cm) of 10-,um-pore-size Versapor membrane (Gelman Sciences, Inc., Ann Arbor, Mich.), and the other half was covered with a section (12.7 by 17.8 cm) of 0.2-,um-pore-size Versapor membrane. Versapor membrane is composed of nonwoven nylon filaments bound with an acrylic copolymer. Before assembly, the membranes were boiled and were rinsed at least four times in distilled water to remove trace organic compounds. The 10-,um-pore-size membrane served as a wick and was held in place with staples on the outside of the cup half. The 0.2-,um-pore-size membrane was left unattached for ease of removal later. With its bottom removed, the middle cup held the two top cup halves together. The bottom cup served as a water reservoir and held approximately 150 ml of distilled water. Moist, fertilized soil (250 g) was added to each side of the top cup and covered with a 1-cm layer of sterile sand to prevent aerial contamination. The tops of the membranes were folded over the sand and held in place with a rubber band.
The surfaces of tomato seeds were sterilized by suspending in 95% ethanol for 2 s followed by immersion in 30% household bleach for 4 min. The bleach was removed by at least six rinses with sterile distilled water. The seeds were germinated on water agar (1 liter of distilled water with 15 g of agar). After 3 days, the seedlings were transplanted to a depth of 1 cm between the membrane interface. The plants were grown under Very-High-Output Gro-lux lights (average light intensity, 320 ,umol of photons m-2 s-1 at the top of the plant) for a 16-h day. The average day and night tempera- these fluctuations in bacterial numbers, membranes were incubated in the appropriate soil at -0.03 MPa for 2 days prior to inoculation. In this manner, the membrane was colonized by indigenous soil microorganisms similar to that of soil. Either the soil was inoculated to a final density of 105 CFU g-1 as described previously, or one side of a piece (5 by 5 cm) of 0.2-p.m-pore-size preincubated membrane was inoculated with 320 ,ul of a suspension (106 CFU ml-') of strain AW. The membrane (rhizosphere pad) was placed, inoculated side down, over the roots. A second membrane (nonrhizosphere pad) was inoculated and placed, inoculated side in, on the outside perimeter of soil. Because roots will eventually grow to the nonrhizosphere pad in soil studies that exceed several days, the pad can also be placed on the 10-pum side of the cup assembly for continued root exclusion. Counts of the bacteria were made at 0, 12, 24, 48 and 96 h after inoculation. Three replicates, with two dilutions per replicate, were used for each sampling period. Counts were made by either suspending a rhizosphere or nonrhizosphere pad or the contents of 1 g of rhizosphere or nonrhizosphere soil in 32 or 9.0 ml of phosphate buffer, respectively. Rhizosphere soil was defined as those soil particles still adhering to the plant roots after the plant was removed from the soil (4). The soil or pad was mixed in the buffer by a Stomacher blender (Seward Medical, London, England) for 15 s, and the diluent was serially plated with a Spiral Diluter (Spiral System, Bethesda, Md.) onto nutrient broth-glucose agar amended with 1 mg of streptomycin, 3 p.g of crystal violet, and 50 p.g of nystatin ml-' (Sigma) as a fungal inhibitor. The plates were incubated for 3 days at 30°C before counts of the colonies were made.
To determine whether the tomato plant weights were affected by growth between the membranes, single plants were grown in assemblies with and without membranes. Ten plants of each treatment were harvested at 3, 7, 14, and 21 days. Plant tops were removed and dried at 50°C for 7 days before the weights were recorded. It was not possible to record root weights because the roots were inseparable from the 10-p.m membrane.
In potting soil, the onset of bacterial wilt and the number of plants with wilt symptoms increased with increasing inoculum density ( (Fig. 3) . Only small differences were observed in the rhizosphere or nonrhizosphere bacterial counts between soil and pads. No significant differences in plant weights were observed between plants that were grown or not grown between membranes for 21 days or less (data not shown).
Winstead and Kelman (14) observed a marked increased in severity of bacterial wilt with increased inoculum concentration for one cultivar of tomato. Similar results were observed here. Cappy and Brown (3) observed that soybeans grown in the presence of porous membranes did not have impaired growth. Similar results with tomatoes were observed here. When tomatoes grown in nutrient-sand culture were irrigated with P. solanacearum, Kelman and Sequeira (7) did not observe growth of the bacterium in the soil water until the plants showed advanced symptoms of bacterial wilt. Although Kelman and Sequeira (7) did not distinguish between rhizosphere and nonrhizosphere, a similar lack of growth was also observed in our experiments.
The results suggest the cup assembly is an acceptable alternative to current assemblies while having the distinct advantage of being able to uniformly distribute bacteria in the soil and in the rhizosphere at any given time. The major disadvantage of the cup assembly is the cost of the membranes. However, the 0.2-,um-pore-size membrane can be reused to minimize this cost. (The 10-,um-pore-size membrane cannot be reused because of root hair penetration). The cup assembly has other advantages in that it is simple, easy to use, and disposable. The assembly may offer future advantages for rhizosphere and root studies. Because the roots under the membrane are intact, clean, and displayed in two dimensions, it may be possible to quantify the roots (e.g., root branching, diameters, volumes, and surface areas) by video imaging. It may also be possible to observe the bacteria on the roots by direct microscopy or epifluorescence. Finally, it may be possible to change membrane porosities to investigate other rhizosphere conditions (e.g., nematode-root interactions).
